Transient receptor potential c4/5 like channel is involved in stretch-induced spontaneous uterine contraction of pregnant rat. by 源��쁺�솚 et al.
503
Korean J Physiol Pharmacol
Vol 18: 503－508, December, 2014
http://dx.doi.org/10.4196/kjpp.2014.18.6.503
ABBREVIATIONS: SMC, spontaneous myometrial contraction; AP, 
action potential; TRP, transient receptor potential; IHypo, hypoosmotic 
swelling-induced current.
Received July 5, 2014, Revised September 22, 2014, 
Accepted September 23, 2014
Corresponding to: Duck-Sun Ahn, Department of Physiology, Yonsei 
University College of Medicine, 50 Yonseino, Seodaemun-gu, Seoul 
120-752, Korea. (Tel) 82-2-2228-1707, (Fax) 82-2-393-0203, (E-mail) 
dsahn@yuhs.ac
This is an Open Access article distributed under the terms of the 
Creative Commons Attribution Non-Commercial License (http:// 
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial 
use, distribution, and reproduction in any medium, provided the original work 
is properly cited.
Transient Receptor Potential C4/5 Like Channel Is Involved in 
Stretch-Induced Spontaneous Uterine Contraction of Pregnant Rat
Seungsoo Chung, Young-Hwan Kim, Ji-Hyun Joeng, and Duck-Sun Ahn
Department of Physiology, Yonsei University College of Medicine, Seoul 120-752, Korea
  Spontaneous myometrial contraction (SMC) in pregnant uterus is greatly related with gestational 
age and growing in frequency and amplitude toward the end of gestation to initiate labor. But, an 
accurate mechanism has not been elucidated. In human and rat uterus, all TRPCs except TRPC2 are 
expressed in pregnant myometrium and among them, TRPC4 are predominant throughout gestation, 
suggesting a possible role in regulation of SMC. Therefore, we investigated whether the TRP channel 
may be involved SMC evoked by mechanical stretch in pregnant myometrial strips of rat using 
isometric tension measurement and patch-clamp technique. In the present results, hypoosmotic cell 
swelling activated a potent outward rectifying current in G protein-dependent manner in rat pregnant 
myocyte. The current was significantly potentiated by 1μM lanthanides (a potent TRPC4/5 stimulator) 
and suppressed by 10μM 2-APB (TRPC4-7 inhibitor). In addition, in isometric tension experiment, 
SMC which was evoked by passive stretch was greatly potentiated by lanthanide (1μM) and 
suppressed by 2-APB (10μM), suggesting a possible involvement of TRPC4/5 channel in regulation 
of SMC in pregnant myometrium. These results provide a possible cellular mechanism for regulation 
of SMC during pregnancy and provide basic information for developing a new agent for treatment 
of premature labor. 
Key Words: Osmotic stress, Spontaneous uterine contraction, Stretch, Transient receptor potential C4/5
INTRODUCTION
  The frequency and amplitude of spontaneous myometrial 
contraction (SMC) in pregnant uterus are greatly related 
with gestational age [1]. Whereas SMC are hardly observed 
in the early and mid-gestational stage, the SMC increase 
in frequency and amplitude toward the end of gestation to 
augment myometrial contractility to initiate labor [2]. 
Although an accurate mechanisms which trigger labor are 
not yet clear, stretch of the myometrium mediated by the 
growth of the fetus, has been reported to play an important 
role in inducing labor [3-5]. In fact, preterm labor more fre-
quently occurs in plural pregnancy or polyhydroamnios 
[6,7] in which the myometrium is excessively stretched 
compared to normal pregnancy, indicating a crucial role of 
myometrial stretch in controlling spontaneous uterine con-
tractility during pregnancy. A detailed mechanism of the 
stretch-induced SMC during pregnancy has not yet been 
elucidated yet.
  Generally contractions in uterine smooth muscle are usu-
ally initiated by membrane depolarization. The depolariza-
tion opens voltage-gated Ca2＋ channels to trigger action po-
tential (AP) discharges, which causes increase intracellular 
Ca2＋ concentration by Ca2＋ influx into uterine myometrial 
cell through opened voltage-gated Ca2＋ channels [8]. So, 
any stimuli which cause membrane depolarization enough 
to trigger AP discharges can readily contract myometrium. 
Therefore, it is possible that SMC occurring during late- 
term gestation may be caused by depolarization of mem-
brane potential induced by mechanical stretch. However, 
to date, a mechanism which can explain stretch-induced 
membrane depolarization in pregnant uterine myometrium 
has not been clearly established yet.
  Recently, transient receptor potential (TRP) channels 
have come into the spotlight as a candidate for processing 
these mechanical stimuli. For instance, TRPV2, M3 and M4 
are activated by mechanical stimuli evoked by osmotic cell 
swelling in various tissues [9-15] and activation of the TRP 
channels may depolarize the membrane potential through 
opening of nonselective cationic channel to trigger AP. In 
human and rat uterus, all TRPCs except TRPC2 are ex-
pressed in non-pregnant and pregnant myometrium and 
among them, TRPC4 are predominant throughout gestation 
[16-18]. These results suggest that TRP channels may be 
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involved in development of SMC by initiating membrane 
depolarization in pregnant rat uterus. To date, however, 
a physiological role of these TRP channels in pregnant my-
ometrium has not been clearly determined yet. 
  Taken all these into consideration, it is possible that TRP 
channels may play a key role in regulating SMC during 
late-term gestation. To investigate this hypothesis, we test-
ed 1) whether the TRP channel may be involved SMC 
evoked by mechanical stretch in pregnant myometrial 
strips of rat using isometric tension measurement tech-
nique. We also confirmed the existence of ion channel acti-
vated by hypoosmotic stretch and analyzed the electro-
physiological characteristics to elucidate a correlation with 
TRP channels. We demonstrate here that mechanical 
stretch induced by hypoosmotic stimuli may activate 
TRPC4/5 like channel in rat pregnant myometrium, which 
may contribute to membrane depolarization to trigger SMC 
in pregnant myometrium. 
METHODS
  This study was conducted in accordance with the 
National Institute of Health (NIH) Guide for the Care and 
Use of Laboratory Animals. All procedures were performed 
in accordance with protocols approved by the Institutional 
Animal Care and Use Committee.
Measurement of isometric tension in uterine myome-
trial strips
  Myometrial strips were prepared from Sprague-Dawley 
rats in late pregnancy (18∼20 days gestation), as described 
previously. Briefly, we removed the blood from a blood ves-
sel by perfusing the rats transcardially with cold Dulbecco’s 
phosphate buffer saline (D-PBS) for 15 min under enflurane 
anesthesia (3%, 2∼3 min). Longitudinal myometrial strips, 
approximately 1.5∼3 mm from each horn, were dissected 
out with fine scissors under a binocular microscope. Both 
ends of the tissue strip were tied with thin threads. One 
end was connected to a force-displacement transducer to 
monitor muscle tension and the other end was attached to 
a tissue holder. The Krebs-Henseleit (KH) solution was 
maintained at 37oC and was continuously aerated with 95% 
O2, 5% CO2. Muscle strips were stretched passively to an 
optimal length by imposing a stretch of 800 mg and equili-
brated for 60 min.
Longitudinal uterine myocyte isolation
  The longitudinal muscle layer of myometrium was cut in-
to small pieces and placed in Ca2＋-free PSS. The Ca2＋-free 
PSS was then replaced with PSS containing 30μM Ca2＋ 
(low Ca2＋ PSS), and 1 h incubations at 37oC were carried 
out in fresh, low-Ca2＋ PSS containing collagenase (0.3 
mg/ml), papain (0.6 mg/ml), and bovine serum albumin (1 
mg/ml). After enzyme digestion, tissue fragments were sus-
pended in a fresh 120μM Ca2＋ containing PSS and gently 
agitated. The resulting suspension was centrifuged at 800 
g for 2 min, and the cells were resuspended in a 0.5 mM 
Ca2＋ containing PSS, aliquoted into 12 mm poly-L-ly-
sine-coated cover glasses, and stored in a humidified atmos-
phere at 4oC. Experiments were carried out within 12 h 
of harvesting at (22∼24oC).
Electrophysiology
  Osmotic stress-induced current was recorded using con-
ventional whole-cell techniques. Electrode resistance varied 
from 2 to 4 MΩ when cells were filled with internal 
solution. We performed measurements using an Axopatch 
1D patch-clamp amplifier (Molecular Devices, Sunnyvale, 
CA, USA). Voltage and current commands and digitization 
of membrane voltages and currents were controlled using 
a Digidata 1440 A interfaced with Clampex 10.2 (Molecular 
Devices, Sunnyvale, CA, USA) on an IBM-compatible 
computer. We analyzed data using Clampfit 10.2 
(Molecular Devices, Sunnyvale, CA, USA) and Prism 5.0 
(GraphPad, San Diego, CA, USA). Currents were low-pass 
filtered at 2 kHz using a four-pole Bessel filter in the 
amplifier. Capacitance (Cm) values were taken from auto-
matically calculated recordings by the pClamp 10.2 
software. Multiple independently controlled syringes served 
as reservoirs for a gravity-driven fast drug perfusion 
system. Switching between solutions was accomplished by 
manually controlled valves. All experiments were con-
ducted at room temperature. 
Solutions and drugs
  The Krebs-Henseleit solution (KH solution) of the follow-
ing composition as modified by Asano and Nomura [19] (in 
mM): 119 NaCl, 4.6 KCl, 2.5 CaCl2, 1.2 KH2PO4 1.2, 1.5 
MgSO4, 25 NaHCO3, 11 glucose. The KH solution was con-
tinuously aerated with 95% O2 and 5% CO2. The Ca2＋-free 
PSS contained the following (in mM): 140 NaCl, 5.4 KCl; 
1.2 MgCl2, 10 HEPES, 12 Glucose; the solution was ad-
justed to pH 7.4 with NaOH. Low Ca2＋ PSS was made by 
adding Ca2＋ (30 or 120μM) to Ca2＋-free PSS. The internal 
(pipette) solution contained the following (in mM): 120 
CsCl2, 1 MgCl2, 4 MgATP, 0.4 Na2GTP, 10 phosphocreatine, 
10 HEPES, and 1 EGTA, 0.363 CaCl2, 80 sucrose; the sol-
ution was adjusted to pH 7.2 with CsOH. The external 
(bath) solution contained (300mOsm) (in mM) 120 CsCl, 
0.363 CaCl2, 1 MgCl2, 80 sucrose, 10 HEPES and 1 EGTA; 
the solution was adjusted to pH 7.4 with CsOH. The hypo-
osmotic solutions (260 mosm and 220 mosm solutions) were 
made by removing sucrose from the abovementioned com-
position and the osmolality of the solution was tested using 
an osmometer. Through this test, the effects of changes in 
the concentration of Cl ions in the solution on the junction 
potential were minimized. The D-PBS solution with glucose 
contained the following (in mM): 2.67 KCl, 1.47 KH2PO4, 
137.93 NaCl, 8.06 Na2HP4∼7H2O, 5.56 D-glucose; the sol-
ution was adjusted to pH 7.4 with HCl. The phosphate-buf-
fered saline (PBS) contained the following (in mM): 137 
NaCl, 2.7 KCl, 10.14 Na2HPO4, 1.76 KH2PO4. All other 
drugs were purchased from Sigma- Aldrich Chemicals. All 
other drugs were dissolved in distilled water as stock sol-
utions (1∼100 mM).
Data analysis
  Data are presented as mean±SEM, with the number of 
experiments indicated in parentheses. The frequency of 
SMC was presented as the number of spontaneous con-
tractions per 5 min. The amplitude of SMC was presented 
in grams (g). We used a paired t-test to compare the effects 
of lanthanide and 2-APB before and after application. We 
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Fig. 1. Hypoosmotic swelling- induced outward rectifying current 
in rat pregnant myocyte. (A) A representative trace of whole cell 
current induced by hypoosmotic swelling. Membrane potential of 
myocyte was held at −60 mV. (B) I∼V relationship of hypoosmotic 
swelling-induced current. The current was obtained from the same 
cell as in (A). (C) Summary of normalized amplitude of hypoosmotic 
swelling-induced current. The current amplitudes in each groups 
were measured at −60 and ＋60 mV respecvtively. *p＜0.05, **p
＜0.01, ***p＜0.001.
Fig. 2. Effect of GDPβS on Ihypo. (A) Left, Ihypo was recorded in 
rat pregnant myocyte. The representative I∼V relationships of Ihypo
by voltage ramp of −100 to 100 mV during 500-ms durations. 
Right, summary of normalized amplitude of Ihypo. The current 
amplitudes in each group were measured at −60 and ＋60 mV 
respectively. (B) A representative trace of Ihypo in the presence of 
GDPβS (2 mM) in pipette solution. Hypoosmotic solution was 
applied to pregnant rat myocyte after 7 min dialysis with GDPβS 
in the pipette solution. Right, summary of normalized amplitude 
of Ihypo. The current amplitudes in each group were measured at 
−60 and ＋60 mV respectively. (A) *p＜0.05, **p＜0.01. (B) p＞
0.05.
used unpaired Student’s t-tests to compare data from two 
groups. Differences were considered statistically significant 
at p＜0.05.
RESULTS
Hypoosmotic swelling activates nonselective cation 
channel (NSCC) in rat pregnant myocyte
  To investigate the existence of stretch-induced ion chan-
nels in pregnant rat myocyte, we measured whole-cell cur-
rents evoked in response to application of hypoosmotic sol-
utions using a voltage clamp technique. As shown in Fig. 
1A, application of hypoosmotic solution (260 mOsm, 220 
mOsm) evoked a large, reversible current in proportion to 
the degree of hypoosmolarity. Fig. 1B shows for the same 
cell, the I∼V relation of hypoosmotic swelling-induced cur-
rent (IHypo) with a characteristic outward rectifying shape 
and reversal potentials close to 0 mV. IHypos were recorded 
in rat pregnant myocyte with a mean amplitude (2.9±0.4 
pA/pF for 300 mOSm, 8.9±1.7 pA/pF for 260 mOsm, 15.8± 
2.6 pA/pF for 220 mOsm at －60 mV; 4.9±0.9 pA/pF for 300 
mOsm, 12.9±2.5 pA/pF for 260 mOsm, 22.3±2.9 pA/pF for 
220 mOsm at ＋60 mV, n=6) (Fig. 1C).
  To rule out the possibility that IHypo is carried by flux 
of anions like chloride ion, we replaced Cs+ in external sol-
ution with NMDG+ to remove monovalent cation. As shown 
in Supplemental Fig. 2, NMDG+ in the external solution 
nearly completely prevented current development evoked 
by application of hypoosmotic NMDG+ solution (0.7±0.7 
pA/pF for 300 mOsm, 0.7±0.7 pA/pF for 220 mOsm at －60 
mV; 4.9±0.9 pA/pF for 300 mOsm, 1.1±0.8 pA/pF for 260 
mOsm, 1.2±0.9 pA/pF for 220 mOsm at ＋60 mV, n=5) (Su-
pplemental Fig. 2). In addition, replacing Cl− in the pipet 
solution did not significantly shift reversal potential of IHypo 
(120 CsCl: 3.6±1.4 mV, 50 CsCl: 3.4±1.3 mV, n=7; p＞0.05) 
(Supplemental Fig. 3). These data suggested the existence 
of nonselective cation channel evoked by hypoosmotic mem-
brane stimulus in rat pregnant myocyte.
Effect of GDPβS on hypoosmotic swelling-induced 
current
  We determined the involvement of G proteins in activa-
tion of IHypo using GDPβS, a hydrolysis-resistant GDP ana-
logue known to prevent G protein activation [20]. As shown 
in Fig. 2B, intracellular dialysis of GDPβS (2 mM) pre-
vented induction of IHypo (5.3±1.0 pA/pF for 300 mOsm, 
6.7±1.9 pA/pF for 220 mOsm at −60 mV; 5.3±1.0 pA/pF 
for 300 mOsm, 5.9±0.9 pA/pF for 220 mOsm, n=5, p＞0.05). 
These results suggest that G-protein may be involved in 
activation of IHypo in rat pregnant myometrium.
IHypo shows the pharmacological characteristics of 
TRPC4/ 5 like channel 
  To identify the channel activated by hypoosmotic stimuli 
in pregnant rat myocyte, we examine the effects of 1μM 
Lanthanide (Gd3＋ or La3＋) which is a potent TRPC4/5 acti-
vator [21], on IHypo. Surprisingly, IHypo was significantly aug-
mented by 1μM Gd3＋ (Fig. 3A) (10.4±2.5 pA/pF for 220 
mOsm, Gd3＋; 17.8±3.7 pF at −60 mV and 220 OSm; 
18.3±2.9 pF, Gd3＋; 34.7±5.1 pF at 60 mV n=5). In addition, 
the augmented whole-cell current by micromolar Gd3＋ was 
nearly completely abolished by application of 10μM 2-APB, 
a potent TRPC blocker (Gd3＋; 17.8±3.7 pF, 2-APB; 3.1±1.1 
at −60 mV and Gd3＋; 34.7±5.1 pF, 2-APB; 2.7±0.7 at 60 
mV, n=5). Similarly, La3＋ (1μM) also significantly in-
creased hypoosmotic-evoked whole-cell current in pregnant 
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Fig. 3. Effects of Lanthanides and 2-APB on Ihypo. (A) Left, I∼V 
relationship of Ihypo in presence of Gd3＋ and Gd3＋ plus 2-APB. 
Right, summary of effects for Gd3＋ and Gd3＋ plus 2-APB on Ihypo. 
(B) Left, I∼V relationship of Ihypo in presence of La3＋ and La3＋
plus 2-APB. Right, summary of effects for La3＋ and La3＋ plus 
2-APB on Ihypo. *p＜0.05, **p＜0.01, ***p＜0.001.
Fig. 4. Effects of Lanthanide and 2-APB on stretch-induced 
contraction in rat pregnant myometrium. (A) Left, a representative 
trace of augmenting effect of 1μM Gd3＋ on SMC and effect of 
2-APB on the augmenting effect of Gd3＋. Right, a representative 
trace of augmenting effect of 1μM La3＋ on SMC and effect of 
2-APB on the augmenting effect of La3＋ (B) Left, summary of 
effects for Gd3＋ and Gd3＋ plus 2-APB on mean frequency and 
amplitude of SMC. Right, summary of effects for La3＋ and La3＋
plus 2-APB on mean frequency and amplitude of SMC. **p＜0.01.
rat myocyte (220 mOSm; 11.8±1.6 pF, 220 mOSm＋La3＋; 
25.6±3.9 pA/ pF at −60 mV and 220 mOSm; 13.6±1.8 pF, 
La3＋; 29.5±4.0 pF at 60 mV, n=5) (Fig. 3B). Moreover, the 
augmented hypooamotic swelling induced- current by La3＋ 
were almost completely suppressed by 10μM 2-APB (La3＋; 
25.6±3.9 pA/pF, La3＋＋2-APB; 2.8±1.1 at −60 mV and La3＋; 
29.5±4.0 pA/pF, La3＋＋2-APB; 2.2±0.6 at 60 mV) (Fig. 3B). 
These results suggest that TRPC4/5 like channels may be 
involved in regulating hypoosmotic-evoked whole-cell cur-
rent in pregnant rat myocyte.
Involvement of TRPC4/ 5 like channel in regulating 
stretch-evoked SMC in pregnant rat myometrium
  To determine whether TRPC channels are involved in 
spontaneous myometrial contractility in pregnant rat ute-
rus, we examine the effects of micromolar lanthanide on 
SMC in pregnant myometrial strips. As shown in Fig. 4A, 
stretch of rat myometrial strip, evoking tension to about 
1 g, readily evoked SMC with frequency of 2.9±0.4 Hz and 
amplitude of 1.6±0.4 g (n=5). Theses SMC were sig-
nificantly augmented by Gd3＋ (1μM) (Gd3＋ application: 
4.2±0.6 for frequency, 1.7±0.4 g for amplitude, n=5; p
＜0.05). In addition, the Gd3＋ -induced augmentation of 
SMC was nearly completely abolished by application of 10
μM 2-APB (0.8±0.4 for frequency, 0.8±0.5 g for amplitude, 
n= 6). Similarly, La3＋ (1μM) also significantly increased 
stretch-evoked SMC in pregnant myometrial strips (Con-
trol: 2.4±0.5 for frequency, 1.0±0.5 for amplitude, n=5; La3＋ 
application: 3.6±0.7 for frequency, 1.1±0.5 g for amplitude, 
n=5; p＜0.05) (Fig. 4). The La3＋ -induced augmentation of 
SMC were almost completely suppressed by 10μM 2-APB 
(0.2±0.2 for frequency, 0.3±0.1 g for amplitude, n=5) (Fig. 
4). To exclude a possible effect of 2-APB on voltage-depend-
ent Ca2＋ current which also play a crucial role in regulating 
SMC in pregnant myometrium, we examined the effect of 
2-APB (10μM) on myometrial contraction evoked by 70 
mM high-K solution in rat pregnant myometrial strips and 
voltage-dependent Ca2＋ current measured using voltage- 
clamp technique. As shown in Figure S1A, 2-APB had little 
effect on high-K solution-evoked myometrial contraction. In 
addition, 2-APB also did not affect voltage-dependent Ca2＋ 
current in rat pregnant myocyte (Supplemental Fig. 1B), 
indicating absence of 2-APB effect on voltage-dependent 
Ca2＋ channel in rat pregnant myometrium.
  These results suggest that TRPC4/5 like channels may 
be involved in regulating SMC evoked by stretch in preg-
nant myometrium.
DISCUSSION
  According to the previous results, membrane potential of 
pregnant uterine myocyte is spontaneously depolarized by 
membrane stretch induced by fetus growth in late gesta-
tional age and when this depolarization reaches the thresh-
old, action potential (AP) starts to fire to induce contraction 
[22-24], Although several mechanism for the spontaneous 
depolarization which results in initiation of AP firing have 
been proposed, an accurate explanation has not been eluci-
dated yet. Recently, since the existence of stretch-activated 
(SA) channels were first reported in cultured skeletal mus-
cle cells, expression of SA channels has been identified in 
diverse cells including smooth muscle cells [25-27]. The SA 
channels are usually activated by membrane-stretch stim-
uli and cation influx through the SA channels depolarizes 
the membrane potential, which, in turn, activates volt-
age-dependent Ca2＋ channels that can induce changes in 
cell functions [27]. To date, to identify this SA channel, var-
ious TRP channel which is sensitive to various mechanical 
stresses including the increase in surface tension evoked 
by osmotic swelling [28-30] was proposed for a candidate 
for the SA channel. For example, TRPV4 was reported for 
the first time to be activated by osmotic cell swelling 
[31,32]. TRPV2 is also reported to be activated by mechan-
ical stretch induced by osmotic cell swelling [9,10]. In addi-
tion, TRPM4 [12-15] and a long splice variant of TRPM3 
[11] are also activated by hypoosmotic membrane stretch. 
As for TRPC family, TRPC1 and TRPC6 were reported to 
be activated by mechanical and hypoosmotic stretch [33,34], 
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which is still in controversy [35-37]. As for uterine myome-
trium, there also exists TRPC family in human and rat 
pregnant myometrium [17,18,38]. Among them, TRPC4 is 
expressed in the greatest abundance without alteration in 
expression during gestation, suggesting that TRPC4 may 
play a major role in regulation of Ca2＋ entry in uterine 
myocyte to evoke SMC during pregnancy [17,18]. But, a di-
rect evidence for involvement of TRPC family in SMC dur-
ing pregnancy has not yet been investigated due to absence 
of specific pharmacological inhibitors to discriminate TRPC 
subtypes. Traditionally, the lanthanides (La3＋ and Gd3＋) 
have been used as blockers of nonselective cationic channels 
and Ca2＋-permeable channels. But, recently the lantha-
nides at micromolar range have been reported to potentiate 
mouse, rat and human TRPC4 and mouse TRPC5, which 
is in contrast with the effect of lanthanides on other TRPCs. 
In the present study, hypoosmotic cell swelling readily acti-
vated outward going rectifier currents (Fig. 1) and the cur-
rents were significantly potentiated by 1μM lanthanides 
(Gd3＋, La3＋), a potent TRPC4/5 stimulator , and nearly 
completely suppressed by 2-APB which is a potent TRPC3-6 
blocker (Fig. 3). These results strongly suggest the ex-
istence of TRPC4/5 like channel which can be activated by 
mechanical stretch in rat pregnant myometrium. In addi-
tion, in isometric tension measurement experiment, 1μM 
lanthanides significantly augmented SMC in frequency and 
amplitude and the augmented SMC is nearly completed 
abolished by 2-APB application, consistent with the 
patch-clamp data. These results therefore strongly suggest 
that TRPC4/5 like channel may be involved in regulation 
of SMC in pregnant myometrium. Meanwhile, the present 
results could not discriminate a major contribution to SMC 
between TRPC4 and 5 in pregnant myometrium. According 
to recent report, TRPC5 is activated by hypoosmotic- and 
pressure-induced membrane stretch [39,40], suggesting a 
possibility for involvement of TRPC5 in stretch-induced 
SMC. But, TRPC5 mRNA is expressed at extremely lower 
level compared to that of TRPC4 and is even decreased dur-
ing gestation [17,18] and reduction in TRPC4 expression 
specifically attenuates G-protein coupled receptor-stimu-
lated increases in intracellular Ca2＋ which contribute to 
SMC in human myocyte. These results suggest TRPC4 may 
significantly contribute to regulating SMC in pregnancy 
compared to TRPC5. But, further studies are needed to de-
termine a functional role of TRPC4/5 in regulating SMC 
in pregnant myometrium.
  As for the mechanistic link between membrane stretch 
(or cell swelling) and G-protein activation, G protein-cou-
pled receptors (GPCRs) have emerged as a candidate for 
potential mechanosensors which covert mechanical stimuli 
to biochemical signals. In fact, various GPCRs such as his-
tamine 1, angiotensin II, acetylcholine and vasopressin re-
ceptors are reported to be activated by mechanical stress 
without the involvement of their ligands [37,41]. For exam-
ple, it has been reported that in cardinal component of the 
renin-angiotensin regulatory system, mechanical stress can 
active the AT1R(angiotensin-II type-1 receptor) indepen-
dently of angiotensin-II [42]. AT1Rs were also identified as 
mechanosensors participating in the physiological process 
of myogenic vasoconstriction. This ligand-independent me-
chanical activation of GPCRs induces conformational change 
in transmembrane domain of the receptors, which leads to 
activation of G proteins [43]. Once GPCRs are activated by 
mechanical stimuli, TRPC channel activation occurs down-
stream of mechanically induced GPCR activation, playing 
a role as a mechanosensor [41,44,45]. In the present study, 
hypoosmotic stress directly activated TRPC4/5 like chan-
nels without involvement of any ligand for GPCR and the 
channel activation was nearly completely prevented in the 
presence of GDPβS in the pipette solution. These findings 
indicate that hypoosmotic stimuli-induced GPCR activation 
plays a major role in activating TRPC4/5 channels in preg-
nant myometrium.
  In conclusion, we have demonstrated the existence of 
TRPC4/5 like channels which can be activated by mechan-
ical stimuli evoked by hypoosmotic cell swelling and this 
channel may play a major role in regulating SMC in preg-
nant myometrium. These results provide a possible mecha-
nism for regulation of SMC during pregnancy and provide 
important information for developing a new agent for treat-
ment of obstetric disorder like premature labor.
SUPPLEMENTARY MATERIALS
  Supplementary data including one figure can be found 
with this article online at http://pdf.medrang.co.kr/paper/ 
pdf/Kjpp/Kjpp018-06-09-s001.pdf
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Supplementary information 
Method 
Electrophysiology 
Voltage-gated Ca
2+
 currents (ICa) were recorded using conventional whole-cell 
techniques. Electrode resistances varied from 3–5 MΩ when filled with internal 
solution. Measurements were performed using an Axopatch 200 A patch-clamp 
amplifier (Molecular Devices, Sunnyvale, CA). Voltage and current commands and 
the digitization of membrane voltages and currents were controlled using a Digidata 
1322A interfaced with Clampex 10.2 of the pClamp software package (Molecular 
Devices, Sunnyvale, CA), on an IBM-compatible computer. Data was analyzed using 
Clampfit (Molecular Devices, Sunnyvale, CA) and Prism 5.0 (GraphPad, San Diego, 
CA). The cells were moved from the incubator to a recording chamber, visualized 
using an inverted microscope, and subjected to voltage clamp experiments using the 
whole cell technique. Currents were low-pass filtered at 2 kHz using the four-pole 
Bessel filter of the amplifier. Capacitance (Cm) values were automatically calculated 
during recordings by the pClamp 10.2 software. Multiple independently controlled 
syringes served as reservoirs for a gravity-driven fast drug perfusion system. 
Switching between solutions was accomplished by manually controlled valves. All 
experiments were conducted at room temperature.  
 
Solutions and drugs 
The internal (pipette) solution contained the following (in mM): 140 CsCl2, 1.2 
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MgCl2, 4 MgATP, 0.4 Na2GTP, 10 phosphocreatine, 10 HEPES, and 10 EGTA; the 
solution was adjusted to pH 7.2 with CsOH. The external (bath) solution contained 
(in mM) 155 tetraethylammonium (TEA)-Cl, 2.5 CaCl2, 1.2 MgCl2, 14 glucose, and 
10.5 HEPES; the solution was adjusted to pH 7.4 with TEA-OH.  
 
Figure S1. Effect of 2-APB on myometrial contraction evoked by high K-
solution and voltage-dependent Ca
2+
 current in pregnant rat myometrium. 
(A) Left: a representative trace of 2-APB (10 M) effect on myometrial 
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contraction evoked by high-K (70 mM) solution. The high K-evoked 
contraction was completely abolished by 10 M nifedipine. Right: summary 
of 2-APB effect on the high K-evoked contraction. (B) Left: a representative 
trace of 2-APB (10 mM) effect on voltage-dependent Ca
2+ 
current in pregnant 
rat myocyte. Right: summary of 2-APB effect on voltage-dependent Ca
2+
 
current.    
 
Figure S2 Ionic selectivity of hypoosmotic swelling- induced outward 
rectifying current in rat pregnant myocyte. Bath solution 120 mM NMDG
+
. 
(A) I–V relationship of hypoosmotic swelling-induced current.  (B) summary 
of normalized amplitude of hypoosmotic swelling-induced current. The 
current amplitudes in each groups were measured at –60 and +60 mV 
respecvtively. 
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Figure S3. Anion permeability of hypoosmotic swelling- induced outward 
rectifying current in rat pregnant myocyte. Pipette solution contained 50 
mM CsCl + 70 mM Cs – methanesulfonate. (A) I–V relationship of 
hypoosmotic swelling-induced current.  (B) summary of normalized 
amplitude of hypoosmotic swelling-induced current. The current amplitudes in 
each groups were measured at –60 and +60 mV respecvtively.  
